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A 2 p)&sm£d vscfes* for tmnsf6ming y&ast* especially brewing comprises a DMA. saqu&nce alio wing propa^ 
gallon of the pUi&msd la hicm4% two copies, of th«-.74 base pair FLP recomblnatlori $itp of the 2 psi> plasmid in direct or- 
ientation and a DN A s^qu^nc^ coding lor a prosda or ^epEMe of Interest. Ths/pksm|d ia so constructed that m past ths 
|>&<^riai DNA serenes m i^<mimmmb? lost A ''gzm of interred'- & preferably mserted at the %#BI .site. 
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YEAST VECTOR 

This invention relates to gematie engineering in 
yeast, especially gaccharomvc^ oereyislae, 

The uptake of exogenous DMA by yeast cells and the 
subsequent inheritance and expression of that DNfA are 
brought about by a process called transformation, Trans- 
formation was first described in the late 19?G*s, 
employing methods which rely upon the addition of DNA to 
protoplasts produced by the anemic removal of the yeast 
cell wall (Hinnen et al,, 1978; Beggs , 1978}, Here 
recently the transformation of intact yeast cells has 
been demonstrated (Kisao et al < , 1983), 

Yeast can be transformed by appropriate plasatids ; 
plasmids used for this purpose are usually constructed as 
k * shuttle vectors" which can be propagated in either 
Hs^^cJtia ooli or yeast (Hinnen et al. , 1978; Be* <s , 
1978: Struhl, et al,, 1979). The inclusion of g & coli 
plasmid DNA sequences, such as pBR3 2'2 (Bolivar, 1973}, 
facilitates the quantitative preparation of vector DMA in 
^ >.S.SJL1 > and thus the efficient transformation of yeast. 

P 1 asm id vectors commonly in use for yeast trans- 
formation can be divided into two types: (i) rsmlioatin^ 
vectors, that, is those which are capable of mediating 
their own maintenance, independent of the chromosomal DNA 
of yeast, by virtue of the presence of a functional 
origin of DNA. replication and fix) integrating vectors, 
which rely upon recombination with the chromosomal DNA to 
facilitate replication and thus the continued maintenance 
of the recombinant DNA in the host cell, Replicatin« 
vectors can be further subdivided into; (a) S^tm- based 
piasmid vectors in which the origin of DMA replication is 
derived from the endogenous 2pm piasmid of yeast, {bi 
autonomous ly replicating vectors { ARS } in which the 
"apparent" origin of replication is derived, from the 
chromosomal . DNA of yeast and (c) csntroiseric plasmids 
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(CEN3 which carry in addition to one of the above origins 
of DMA replication si sequence of yeast chromosomal DMA 
known to harbour a centromere * 

In order to transform yeast efficiently with any of 
the aforementioned vectors it is necessary to impose a 
selection to identify those trans fornants which carry the 

recombinant OKA. This i«s »f*v» •? «.v«.w w , - ... 

-wiA^ dcaievea ay incorporating within 

the vector QUA a gene with a discernible phenotype. In 

the case of vectors used to transform laboratory yeast, 

prototrophic .genes, such as USU2 , IJRA3 or TEP1 { Kinnen et 

al., 1S78; Be*g 8> 1978; Gerbaud rtal, 1379} , are usually 

used to complement auxotrophic lesions in the host. 

However, "in order to transform brewing: yeast and other 

industrial yeasts, which are frequently polyploid and do 

not display auxotrophic requirements, it is necessary to 

utilise a selection system based. upon a dominant 

selectable gene. In this respect replicating Zjxm based 

plasmid vectors have been described carrying genes which 

mediate ^esia"tanee -to: (i\ K 1^*1 -> ~ ^ . 

^ u txJ »nti&*otics, tor example G 4 1 8 

s v. xmxnez et a 1 ♦ ? 1980; Webster * 1 1 o o * » u w -^ 

B {Grits: et al > ? 1983}, chloramphenicol (Cohen et al . , 

iaoo h ana cxx) otherwise toxic 
materials > for example this- herfaieiri^ ^ v^^^,^ , , 

{ FaXco et al . , 1385), oompactin {Bine et a! 1983) and 
copper {Henderson et al ♦ , 1985} . 

Tbe inheritable stability of recombinant genes in 

^v^^i.vuvuu .upon i*n8 t vrse n t v^-^ 1- ~ H .» 

^ *r ^ ^ *■ > v ec c o r ejn p X o yed 

to facilitate transformation. The most stable of the iwo 
types of vector. . systems described earlier are the 
integrating vectors. The principles and practice of 
integrative yeast transformation have been described in 
the literature (Botssteir & ttxxsi « ? a o * * 

i2#oor, Or r -weaver f*t al ?<jo^ > » ^ 

— ■ » l Jb ^ Roth stein , 1933 ), In 

general ? integrative tran*?fnrm^fi^ > ^ . v 

^^^^Q^atiou is relatively 

1 r f i c lent: clos^ d o ? r> ^ >• *i a * < ^ ^ . ^ .„ . . 

«fc^A«jsi pjuasRuas nave 

bean described i r< h ^ i - 1 ^ 

u ^ u - ua >xe.i.d approximately l~xo 
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transfaraants per ug of DMA (Hinnen et ai w Wl$ ; Hicks 
et ai 1579L However, linear SNA, with free ends located 
in DMA sequences homologous; with yeast chromosomal DMA f 
transforms y&mt with higher efficiener CX 00- 10-00 fold) 
and the transforming D^A is generally found integrated in 
sequences homologous to the site of cleavage (Orr-Weaver 
IX .Si' i 1931 } . Thus by cleaving the vector DMA with a 
suitable restriction sndoauclease, it is possible to 
increass the afficiency of trans formation and target the 
site of chromosomal integration. Integrative trans- 
formation Is applicable to the genetic modification of 
brewing yeast, providing that the efficiency of trans- 
formation" is sufficiently high and the target SNA 
sequence for integration Is within a regioa that does not 
disrupt genes essential to the metabolism of the host 
ceil. An integrating yeast vector has recently been 
described for brewing yeast (tooum, 19851 * 

Unlike integrating vectors, which show a high degree 
of inheritable stability in the absence of selection, 
replicating vectors tend to be more unstable. The degree 
of inheritable stability is dependent upon the type of 

ron Ilea. tins vector use--? isc ^'{ •3!~m<^<~ *. . ■ , 

v w t. uy««> .~,.!»o pidaffiias , wflioh nave a hi gh 

Copy nusber i aonroxisate ; v pe — ^n » ia«r ~. i ~i v , rt 

***-.k" v)->.-.iK«. v.« A> > ^ „ »jaj cop ieb per ceil ) C Hysuan 

Si> ■■.»■■ 1983 5 , tend to be the most unstable, and are lost 

at a frequency greater than 10% per generation iXikuehi , 

1913}. However, the stability of ABS piasmids can be 

enhanced by the attachment of a centromere; centromeric 

piassnlds are present at 1 or Z copies per ceil (Clarke & 

Carboo, 1980) and are lost at only approximately i% per 

pi a ami ds show varying degrees of inheritable stability, 
dependent upon both the host strain and the Epic DNA 
sequences present on the piasjsid- 

The 2pm piasmid is known to be nuclear in cellular 
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m - L * * tmi l * but is . inherited in a noft-M^deiian 
fashion (Livingston, 1977). Cells without the 2pm P iaamid 
texr* ) have been shown to »fi*A u x ■* v 

populations having an average eopr nater of 50 copies of 
5 the 2^, placid per cell at a rate of be twaan 0. 00 %% and 

0>01% ° f th ^ aeration JFutoher & Cox, 1983} , 

A possible explanation for ^his ^ ■ f » 

instability, is tixat the pla^mirr ^vt^^ _ . . 

pvovxaes ao obvious 

advantage to the ce = 1 ? m f ^^ ^^^^^ 

v**x una«r normal growth OQtiditipns 

10 (Broach, 1981; Butcher & Cox, «** ^ i 

1931), altboostn small effects on growth k~i 

■ fearbouniig the 2um plasmid 

t**lm*l^ etal,, 1983). analysis of different Strains "of 
S^E^L^lJ^M. has shown that the tyi «<v, r ^ > , v ... 

* ^* 1 ***** vCxark^alkar & g&fc&w,. 19T4) 

, • **t* n * Axgis st ai., m*.t 

=*»*6-M *hua appears that the 

plasMid is ubiquitous, whioh imnii^^ * 

inheritable stability in nature , 

■ * ■ >^w^i -aan^xyfeXja ol t^e Ej&m piaamicl 

aas reveled a wealth of information concerning th*> 
replication and stable maintenance of the placid 

i^Qikerfc Broach, 1387), l- n «*s«*fte# *h« nt**** * 

~» : =>-^^'« v4« piasiaaa consists 

of a circular SMA solscsjl® of 8318 h*«^~^^« ,»., V 

8«.oqu.s a un.tqu® bidirectional 
orxgio of DMA replication IHe^ion at ai iq»n sk - 

an essential component of all Z M m based vector,. ThP 
• Placid contains four g 8 « S( EEFT, SEP2 ,. REV 3 and pr 

" I:t '^^ ^tafoie maintenance of hl^h 

JO px asmi d: co p v. numbe r o«^ r r> e l i rn ^^ ^ c « * , 

• i^bi^ E0nea encode 

^S^SS acting proteins which -*ir*» h«vM'»-^- 

concern by in s&r&e tln.g- -vi-th t h ^ pp>> ? ^, N(V ^ 4 

stable partitioning of th^ r-5-- m x^ > , 

a VkX p-^mxn at ceil div : Uion 

^ j \ v o x f< a r t Bro ach , t 9 A t'-j t ^ ^-^ ; . 

j v ■ ^ r ^ e c ta^ ktpj gen e 

™- «* ^L;a acting *ocas. which eff^ot* fh^ ~--,v.) 
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segregation of the pi as mid, and Is pheno typically 
Sflaiogous to a chromosomal centromere { Ja^aram et al , 
1383; Kikuchi, 1SSS), An important feature of the %jm 
plus I* id is the press nee of two inverted DMA sequence 
a repetitions ieach 559 base-pairs in langthi which 
separate the circular molecule into two unique regions, 
intramolecular recombination between the inverted repeat 
sequences results in the inversion of one unique region 
relative to the other and the product ion in vivo n t m 
10 miKed population of two structural isomers of the 
plasmid, designated A and B i&®gg& , 1978), Eeeoxsbinatie.n 
between the two inverted repeats is mediated hv rb» 
protein product of a gene called the FbP f OTSf and the 
Ft? protein is capable of mediating high freauencv 



> - Thi s 



recombination within the inverted repeat region 
site specific recombination event is believed to provide 
a mechanism which ensures the as*pi if ieat ion of piasmxd 
copy number iFutcher, 1988; Voikert & Broach, 1S8S; Som 

- Each inverted repeat sequence comprises three SUA 

repeat sequence sub-units (depicted as triangles in 
Figure 35, two ad.laoent sub-unite being in mutually 
direct orientation, and the third being in indirect 
orientation and Joined to one of the other sub-units via 

an 8 bass pair linking or ««afpr w fitf Un t*u ~ - 

** ^ r* x — jt* <* »» v ..r s. e siOS. i n i s spa eg 

region contains a unique Xbal site and recosnvs«<5 -nrd * 
out at Its margins b.v the product of the FUP Tb*> 
adjacent sequences are of course homologous to th^ 
corresponding sequences of the other inverted repeat 
iU sequence and hence provide for accurate recombination 
following the said cut ting . Andrews et al , , rta«S> h**- 
found than a 74 base pair sequence including the & b . & . 
■spac e r r eg i o ri is t. i ? e mi n imum r equ i r emnt for $hP b i. r - 
sp^-c i f i c . reaomb i na 1 1 on. 
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Yeast vectors based upon the replication system of 
the 2u ; a5 plasm Id have be;en constructed fey inserting 
heterologoas SNA ssquaaees in regions of the Z&m plamld 
Rot *«*»ftti*X to its replication {Begfs , 1381) , TMs "has; 
S resul ted irt two basic types, of vector: >i> whole 

vectors and {11} origin vectors, r n the case of the 

former, these vectors harbour the whole 2pm plasmid into 
whxoh various heterologous sequences have been Inserted , 
such as E^oli. p.lasmid DMA. These plasmlds are capable of 
ID maintaining themselves at high copy number with a high 
degree of Inheritable stability in both eir- ( 2;um 
eontaiftiag) and. cir? '{2^ deficient} hosts. On the other 
hand 2pm. drijgln vectors usually contain a minimal DMA 
sequence harbouring the origin of DMA replication and 

a single copy of the 339 base-pair repeat of Zfmi. such 
vectors can only be maintained in cir* host strains, 
since they require the proteins encoded by the EEF1 end 
IlEt genes to be supplied in tyMs from the endogenous 
piasmid: to ensure their * stable J maintenance. 

- a genetically modified yeast which Is capable 
of expressing a heterologous gene to produce high, levels 
of a commercially important polypeptide is constructed, 

■ '■■ k*.<j LDQu^ a Eigh copy number 

Feast vector. :2^m based vectors have proved ver^ 
~* successful for use as expression plasmlds and therefore 
frequently constitute the vector of choice {Kingsman et 

tn European . Patent Application 863Q3039 < 1 

{ Bufol i eat ion Mo . 0 20 1239 & l in *h*> c - ^ 

v *" >y ~. ~> v< in vAe- na^me of Delta 

y ^-V« * * *\ p.^acte&*> xs aeserifeM f or the 
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which an industrial yeast strain is genetically modified 
to be capable of express lag a heterologous gene, such 

that no express ion of the oairf h<**<***~wi -% ...«~ ». • « 

■ - - ~ »»<*^u «o y« oia&uus gene cakes 

place during the primary beer fermentation, but rather 
yeast biomas® is accumulated and the synthesis 



heterologous protein is induced after the yeast has been 
removed fro®: the beer . . This is achieved by t ransf omiaf 
brewing yeast with a £pf based plasm id harbouring the 
dominant selectable marker GUP~^_ and a gene encoding & 
3 modi f led human serum pro tein , N~m.efc;h.io.nyi albumin {Met- 
HSA 3 , Khose expression is regulated at the trans- 
criptional level by a galactose inducible promoter. In 
order to majcimi.se the yield of heterologous protein 
synthesis during the operation of the said process it is 
Gecesaar? to ensure: £i) a high copy number of the gene 
to be expressed ( encoding For Met~B'SA 5 ; (ii ) a high 
degree of Inheritable stability of the gene of interest 
under conditions of non-seieetive growth; H-ii) that the 
recombinant genes transformed Into brewing yeast must not 
15 have a deleterious effect upon tbe yeast and its ability 
to produce beer and subsequently heterologous protein; 
and My) that the recombinant genes present in yeast 
should : :J so far as possible, be restricted to. the 
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interest > and adjacent yeast regulatory genes. The 
requirement fiij is particularly important because it is 
both impractical and undesirable to supplement the normal 
growth medium of brewers' yeast, namely hopped malt 
extract, with toxic materials such as copper Ions since 
this will increase process costs and have a deleterious 
and probably unacceptable effect upon the quality of the 
beer, which is the primary product of the fermentation, 
In connection Kith requirement (lv) s it is desirable that 
^ -.v.* • - *>* ~*-v-v -V i. u u 3 e v u u a i a not 

. v . v v» . *»y VO j^j. .^j- ^» v > 

extraneous m& sequences such as those which are derived 
from the bacterial portion of the recombinant Plasm* d 

In our application published as EP.~.4~2S 2 744 we have 
described a method for modifying yeast cells foy 
fnoorporating into the endogenous 2jum pi asm id a 0NA 
sequence coding for a. protein or peptide of Interest , by 
making an integration vector comprising two copies of a 
homologous 2pm plasmxd Oh A sequence in direct or iehta - i oh 
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^ — j.^, -sequence or interest, transforming 

yeast with the said integration vector, and than 
isolating from the transformed yeast obtained ceils 
containing the endogenous 2pm piasmid modified by 
incorporation of the DMA sequence of interest. The 
integration vector itself does not survive' in the 
transformed yeast cells. The homologous 2pm piasmid 
sequences may be, but usually are not, copies of the Zpm 
piasmid repeat sequence. •• 

We have now found that a modification of the method 
of the said application make it possible to transform 
yeast cells by incorporation of a modified 2pm piasmid. 

In the method of the present application, the 
piasmid. vector used comprises a DMA sequence which allows 
propagation of the vector in bacteria encompassed between 
two homologous 2pm piasmid SNA FL.P recombination sites in 
direct orientation, a DMA sequence coding for a protein 
or peptide of Interest, which is preferably but not 
necessarily a sequence heterologous to yeast 
* w^.^ a o^ievvdbie marker DMA sequence. The 2am 

piasmid vector of the invention *hti« ,.,^. yw • & „ . , 

copies of the FLP recombination i f ^ r> v rk^u R 

^ ^>»*v^«.ji*^ w-^wa i»iVo qjl wfticn one pair is 

^ UuVftUvJ " aaa other two pairs are in 

xnaireet orientation, ffh<»n < - ^ ■* . ■ 

v^v^^i. wntn ^dist ii» trans termed with a 

planmid vector having this construction twj 
which aIiow3 propagation of rh& ^^t rJ * k**-,* 
ben found to be spontaneously lost and the piasmid vector 
becomes a modified 2pm piasmid which is capable of 

3D w ^naog^nous plasmxd in the transformed 

yeas t , P 1 as m X d v e c t o r o f t> kk- * ^ » 

vwvuss* or tnib type are hereinafter 

called disintegration vectors, Th<- veast f^^fn^ 

v vt ~ ~< v->i dHii i. Or^8u ^ i LiTi 

such vectors may contain multiple ext rachromosomai copies 

o f a mo d x f i e d 2 urn. p 1 a s m i H o o n t- ^ ? r v ; „ - « ^ ^ « ... 

^^^^Hii^ coniamin^ a gene of interest 

out n o bar t >**• i t rvv s z t 

41 w^en i ounc to oe s tab ! v- 

inu6rit.€a under r- <*i H i t- ? rv ^ ^ .... ^ % ^ , , 

\ ^—^i coaauio^ oi non-selective growth, 



WO 88/080 



2? 



8 



Brusehi l 13 th International Conference on Yeast 
Geneties and HQieeukr Biology^ Autumn 1 986 > disclosed 
that recombination in a 2 u -based pi asm id could result in 
the gxeisipn of baeterial DMA sequences f but suggested 
3 onir that the system could fee used to study structure- 
function relations h ips' in the molecule. We have now 

found that a similar svstea cars be used to prepare 
ad van tageous expression vec tors ^h ioh have unexpected 
atabillt y * 

^ Q Tke term fFLP recombination site" is used herein to 

mean any site Which uiil allow for recombination as a 
result of interaerion with the FLP gene product. If 

■vs 

Andrews * f inding ( 198 3 ) i * connect, then the FLP 
recomhx nation site will general iy comprise as a minimum 
15 the 74 h..p-k- sequenee identified by him. In practice, 
there is no point in including more than the 399 base 
pairs of the whole repeat sequence > 

The Sum based disintegration vector of the present 
invention has been found be capable of transforming 

2D both laboratory and industrial yeas t , The disintegration 
vector is maintained at a high copy number per ceil and 
has an extremely high degree of inheritable stability > In. 
addition, unlike all other 2pm based plasmid Vectors: thus 
far described , the disintegration vector is constructed 
25 so that, upon, trana formation of yeast, the bacterial 
pi asm! d DMA sequences are spontaneous 1 y del e ted * Thus 
ianetic:all.v modified strains of brewing vea« t r^^ bp 
cons true ted in which the 5 gene of interest ' incorporated 
in the 2pm plasm id is s tably ??min tai ned, even unde r 
30 conditions of non -selective growth s at a high copy number 
per cell, in the absence of extraneous bacterial nlaemid 
DNA sequences. The use of such a vector in the 
c o n s % r u ct i on o f a g e ne t ical If m od. i . f i e d b r e w i n g .. ye as t 
ensures that- only the of interest' is stabfv 

iS maintained for successive generations in brewing yeast, 
t. h e re b y c I r a n m y e n t i ng : : an y po ten t i a i fete fc e r i o u s e f f ec ty 
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that additional DMA sequences may have upon the 
technological behaviour of the yeast and/or the flavour 
and quality characteristics of beer produced by the 
yeas t « 

5 In practice the J gene of interest' can be any 

recombinant sane, either homologous or heterologous to 
yeast. The distintefratioa vector can be used for example 
to stably integrate the Met-HSA gene in brewing yeast 
expressed from either a constitutive yeast promoter , for 
iO example the phosphogi jcerate kinase promoter (PGKJ in 
accordance with the method described in EP~A~147 198 or 
a regulated yeast promoter, for example the GALI0/CYC1 
hybrid promoter as described lit EF-A.-201 239, or the 
GAL/PGK promoter as described in EP~A~258 087* 
^ Additional fanes which may be stably maintained by 

this system include the D5X1 gene of Saccharoarcss 
^l-Jr-S^aticus which specifies the production of an extra- 
cellular glucoataylase snzyme in brewing yeast, and the B- 
Siucanase gene of SaciJAog. eM.Uk which specifies the 
0 production of an endo- 1 , 2-1 s 4«B-glucanase in brewing; 
yeast {Hinchliffe & Box, 1985), Such genes can be first 
genetically modified to control the level of gene 
expression and/or to ensure that the protein whose 
synthesis is mediated by the gene is secreted by the 
brewing- yeast. 

The use of the new disintegration vector is 
particularly advantageous in the process described in 
£ P - A -201 2 3 9; f si no e , a c e o rd i n g t o t h i s p r ones s , t h e 1 g en e 
of interest 1 is regulated so that it is not expressed 
during the course of the beer fermentation nor under 
normal conditions of yeast growth , but is rather induced 
in a post fermentation process. Consequently high level 

expression of the * gene of v nte <~«<--t ' }« H*w^n/< «~ t . ; „ 

» >> „ ... .. v. c. » ... v» i » u x v o r o e o x n t i si « 

from the synthesis of yeast foiomass by ceil 

35 proliferation, and thus any adverse effects of gene 

expression upon piasmid stability are minimized . 
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Preferably the vector of the present Invention Is a 

d i s in t air a t i on vao t o r C as he r e in be f o r e de fin ad } 

comprising a complete Zm\ pl^smid additionally carrying 

iij a bacterial pi asm id DN& sequence necessary for 

5 propagation of the vector in a bacterial host; { it } an 
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extra %m FLP recombination site; (iiij a SNA sequence 
coding for a desired protein or peptide: and Civ) a 
seiec table marker DMA sequence for yeast tranaf ormation ; 
the said bacterial piasmid DMA sequence being; present and 
10 the extra FLP recombination site being created at a 
restriction site in one of the two inverted repeat 
ssquenoes of the Spm piasmid> the said extra FLP 
recombination si te being in direct orientation in 
relation to. the endogenous FLF recombination site of the 
15 said one repeat secmenee, and the bacterial plaamid DHA 
BeQuenoe being sandwiched between the extra FLP 
reoomb inat i on site and the endaienous FLP reoombi na ti on 
site of the said one repeat sequence. 

the preferred disintegration vector thus donsiats of 
20 a oompiete Sjum pi asm id into which is inserted one or more 
bacterial piasmid DMA sequences and an extra copy of a 74 
base-pair FLP reeombination site derived from the Sum 
plasm Id, In addition the \gene of interest', eo- linear 
with a selectable marker far yeast transformation, e>g* 
^kszl,i \& inserted at a second site in the Znm. niasmtdv 
The bacterial pi as mid DMA Sequences and yeast DNA repeat 
are inserted. e.,g> at: an &bal Bite, in one copy of the 
two inver ted; repeats o f the whole 2jum piasmid < The 
correct orientation of the BNA repeat is essential to the 
30 fun c t to n of the p i a a m id; t h e pi asm i d i s const r u c t e d so 
that the bacter ial .pia : smid sequence neces^rr tar UHA 
propagation in > to r example, R, eoi j , % s sandwi ched 
between twn copies of FLP recombination site of th- 

2j^m piaamid ) which a re themeei ves i n di rec t crier ta t lor; . 
The configuration of OKA sequences la illustrated in 
Figure desoribed in more detail below. This? 
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construction confines the bacterial plasmid DMA sequences 
to a region of DMA which, when the plasmid is transformed 
into yeast, ia excised from the plasmid., by virtue of a 
site-specific recombination event between the two 
5 directly oriented DiNA repeats. This site-specific 
recombination, is mediated by the product of the FLP gene 
of gjxm whose product can either be supplied by the 
enaogenous Zfxm plasmid of yeast, when transforming air* 
cells, or by the disintegration vector itself when 
IG transforming' cir° cells » Because the vectors of the 
invention may be used to core the transformed yeast of 
its endogenous 2jml plasmids, and also because the 
recombination is more rapid in cir" calls:, it is 
preferable for the vector of the invention to be based on 
15 a complete 2pm plasmid. If however, the vector of the 
invention is to co-exist with the endogenous 2 urn 
plasmids , then genes such, as EEPi , REP 2 , RHP 3 and Ftp 
need not be present on the vector, as the products of 
these genes can be supplied in trans ; ail that is 
20 necessary is an origin of replication. 

As is described in more detail below, the inserted 
DMA carrying the bacterial sequences may carry at each 
end a respective portion of the repeat sequence ; in which 
case the said DMA is inserted into an endogenous repeat 
25 sequence such that the endogenous recombination site 

effectively destroyed but two new FLP recombination sites 
are formed, each comprising- a portion of the endogenous 
recombination site and a complementary portion from the 
inserted DHA„ Alternatively, a complete FLP recombination 
. site may be carried towards one end of the insert, which 
insert is then Inserted adjacent to or spaced from 
endogenous repeat sequence such that the bacterial 
lies between the endogenous repeat sequence and t h - 
inserted repeat sequence. When the inserted DNA is 

inserted stt. a location <*-n»«^**H ^ u ^ 

' A " l " ° eu. a rem tne endof e no ub 

sequence, the Bndo^nou^ DMA h<**w****o u ~ '^^^^ „ ^ . 
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repeat sequence and the inserted repeat sequence will 
later be excised along with the bacterial DMA* Hence, if 
this DNA is needed > a further copy of it must be provided 
(preferably on the inserted DNA 5 on the side of the 
S inserted repeat sequence remote from the endogenous 
repeat sequence > 

The site within the integral 2pm plasmid at which 
the f gene of interest * is inserted is chosen with :a viev 
to minimizing: the affect of the insertion upon both 
10 plasm id copy number and inheritable stability* Thus it is 
advantageous to insert; the ''gene of interest* at a site 
that does not interrupt the integrity of the R£P1 ,•■ EEP2 * 
REPS and FLP |enss > particularly i f the plasmid is 
intended for use in the transformation of a c i r * host 
15 strain of yeast* 

One advantageous characteristic of the 

disintegration vector is that, when it is introduced into 
c i r * yeast strains, because it possesses an. integral 2 urn 
plasmid ? it is capable of curing the endogenous Sum 
20 plasmid , either during or following the excision of the 
bacterial plasmid sequences, An analogous situation has 
recently been reported for whole 2jum vectors transformed 
into cir* host strains of yeast (Harford & Peters , 1987). 
Thus the disintegration vector can also be used to cure 
IS the endogenous 2^im plasmid from strains of yeast, 

In the accompanying drawings, 

Figure 1 ehovs plasmid pBAl 12 (Andrews, et ai,. 
1 385 5, The thin line represents ..DMA sequences derived 
from the bacterial plasmid pUC9 ; the open bar represents 
iO the 7 4 base-pair DNA fragment containing the FLP 
recosibinatio n s i t e : t h e t r i a n .g 1 e s i ndio a r e t h e 
orientation of the three internal DNA repeats within each 
FLP recombination site t Andrews r et a 1 . « s (1985); 

Figure 2 shows plasmid pSAC.l 12 * Plasmid pSACl 12 i s 
indentioai ta pBAl 12 with the exception that the Bam HI , 
P 3 1 I and Hindi IT sites have been deleted: 
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Figure 3 shows plasmid pSACZ v The thick line 
rapr esenls DUK sequenoes f rom the bac ter ial plasmid pUCS ; 
the opetv bars represeTvt the ?4 base-pair PNA fragrant 
containing the FL.P . reeombinatian site ; tft.^ thin line 
•5 represEnts 2p.m. plasmid BMA sepanoes; the triangles 
iDdioate the orientation of the three Internal DN>4 
repeats in each FLP reeomSination. s-itei 

Figure 4 shows pi&smid pSAGSill , Designations are as 



tor rxgure 3 ; 

Figure a is a plasmid wg of pSACSG2* Designations 



*re' as for Figure 3 > 



Figure S is a . plasmid ^ap of pSACSGQA Designations 
are as for Figure 3; . 

Figure 7 is a piasmid map of pSAOSIO* Designations 
li are as for Figure 3 J 

Figure 8 is a piasmid map of pSACSCi* Designations 
are as for Figure 3; 

Figure 0 is based on a phofcog-raph showing the growth 
of hapieid yeast ^trEins and illustrates the oo~ 
inheritance of the IIEA3 and. bacterial fala gene: and 

Figure 10 is an a.utaradioEraph of total jaast DMA 
probed >nth * *■ P • labelled pSAC3 DMA > 

The following Examples illustrate the invention* 



23 EXAMPLE I 

^njstruc t iQn a i P las m id s 



Plasm id p SAC 11 2 i Fig una 21 was eons treated fox 
dxgaB tvir>^ pi asm id pBAIiS (Figure i ? Andrews, gt 
1988* tflth the restriction eridoauoiaases BamHI and 

SO Hj^dllX simui tatiaously* Linear plasm Id DMA was treated * 
with DMA polymerase 1 ( Eienotv) itv the presfnca ox QVimH 
dKTB>s { dAXP , dTTF , dCTP and dCJTP j f or J O minutes at 
ST^Cv DMA w*as extracted with phenol rehlorq form f ethanoX- 
p rec i p i ta t ed and i no ybat a d o ve rn i g h l at 1 5 ' : * C i n r h e 

3 S presence o f T4 D^A i igase. Li gated >~as transformed 

into K yCoI] strain MCIOg l iCaaadaban and Cohen , 1 $ 8 0 i- ; 



wo 



*?6 



I 



plasmid pS AC 112 ^as Isolated f fois the resultant 
trans foriaots £ oil o %j tng i den t i f i eat ion arid character- 
i nation by the me thod of Birnboim and tj'oly- I 1980 ) , 

Plasmid pSACS {Figure 35 was cons true ted by the 
5 f ox lowing procedure * Yeast 2 urn pXasmid DMA was Isolated 
f rom strain DEI S as described by Guerineati* e/t &jU , 
.< 1.974 i * Purif ied 2.pm .'plasm id DNA was partially digested 
=-with the restriction ©ndoBiicXease Xtoal as described by 
Hani at is efc a I > * (1082}* and iigated with X-jba I cleaved 
ID p SAC I X g . L i g a ted ON A w as transform ed ihfc o E * col 1 a t r a in 
■AGX (obtained from HBL Sn^ym^a Ltd *• r Cramiington, 
England. } * The resultant ampieilXin-resistant 

V 

trans form&nts were screened for homology to 2jum pi as mid 
DNA following colony hyferidi nation { Gruns te in and 
15 8otness ? 18751 to ^ * P labelled 2>S kilo foase-pair fiooHl 
f ragment f rom plasmid PYFS2 f Storms t E *K * et al * * 19 73} > 
Colonies shoving homology with the 2ju$n specific DMA probe 
were isolated and their plasnvid DRA characterised 
restriction end onuol ease mapping prooeduras * Flaemid 
20 pSACiS was thus obtained* 

Plasm ids pSACSin (Figure 4) and pSAC3U2 (Figure Si 
wer~ construoted by eieavini pi asm id pBAC.3: uith- tke 
res t r let ion endanuo lease Ps t X > Linear DMA wai rendered 
fiush-ended hj treatment with T4 DMA polymerase in the 
presence of & « 3mM dNTP * s ( dATP> &TTP , dSTP and dGTP V for 
10 minutes at 3:7* C.» DNA was extracted Kith phenol : 
chloro form and ethanol-prec ipl bated prior to ligation. 
: P lassa; x d p«m B 1 10 ( B e g g s » 1 9 8 1 ■ 5 was d;i ges t e d. w ;i : t.h the 
restriction endonuo lease Hindi II and the I3NA fragments 
were subjected to agarose gel eleq trophor on a 1% 

gel , A 1 ■* I iviio^base^pair ON A fragment, harbouring the 
U;H A 3 gene of yeast > was isolated f rom the gel f Maniat i& , 
3LL si - . v i 9 ; S *i 3 si.r* d fc r ea t ed' w :i t h : D %A po l y m o- r a s e l, C K .1 e rics w \ 
in the presence ol 0 , 3mM dNTPVs tdATP , dTTP ? dCTP and 
ao i F j i ne i * j. kn o- oass-pf ir ityrdi X i f ragmen t was 

£S V f^- r 'flty* *^ p» ?"*N / T \ I > ^ H 2 ^ f > fS o W ^ fc w. j . >^«* \^ x' w i ^ K 
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and blunt-end lighted with linear p3AC3 DMA prepared as 
described above, Ligated DMA was transformed into L,coU 
strain AG I » The resultant ample iilin resistant 
trans forsaaats were screened for homology with the 0EA3 
5 gene following' colony hybridisation {Grunstein and 
Bognesa , 1375 ) to a P labelled 1 * I kiXo~base-pair 
Hind II I fragment purified from plasmid pJDBHO* Plasm ids 
pSACSUl (Figure 4} and pSAC3t?2 {Figure a) were isolated 
from the colonies which showed homology to the UEA3 gene 
10 probe- The 1,1 kilo -base -pair Bind ! I I SKA fragment 
carrying the URA3 gene was also blunt-end li gated into 
the unique Sag: I and SnaBl sites of pSACS to give plasmids 
designated pSACSQO (Figure 6 1 and pSACSXO {Figure 7} 

respectively* 

15 Plasiaid pSAC3Cl {Figure 8 3 was construe tad by blunt 

end ligatiag a 894 base-pair Xba l-Kpal DMA fragment* 
. carrying the CUP I gene from piasr&id pET13 : 1 (Henderson et 
al* , 1333 } into the unique ggjfcl site of pSACS* 



20 Transfo rmation p f Yeast with Pias^ids pSACSUl and pSA€3j-2 

The disintegration vectors pSACSUl (Fiflure 4 } and 
pSAC3U2 (Figure 5} vera constructed so that they each 
contain the selectable yeast gene, UEA S , inserted at the 
unique Fstl site of 2um, S form > In addition* each piasnsiid 

25 harbours DHA sequences derived from the bacterial plasm id 
pUC9 flanked by two copies of the FLP recombination site 
located in direct ' orientation. The position of the pUCS 
DNA is such, that FLP mediated recombination between these 
two directly orientated FLP recombination sites resulted 

> 

3Q In the excision of the bacterial pi as mid ON A upon trans- 
formation of yeast v Cir* and cir* derivat ives of the 
ha.pl oid yeast strain. S150-2B (Cashmore, et ai < < 1 9 BB } 
were transformed to uracil prototrophy with plasmida. 
pSACSUl and pSA£3C2, according to the method of I to 

35 (1383)/ DBA * transf orwants we re screened far the co- 
inheritance of the bacterial bia gene » which encodes the 



WO 88/08$ 



1 T 



0- lactam specific enzjrme lactamase in yeast, the 
method of Oh^valier and Aigle 11979?* The results 
presented in Figure 9 show that both plasmids segregate 
the bla gens from the tJRA* gene In all transf orrsants of 
5 the oir* strain, indicating deletion of the bacterial DMA 
sequence? Cross the piasiftids \$p&'n F^ast trans t drm&t i ox* * 
Ho^var, the majoritr of UEA- : trans~f ormants of the cir* 
strain were observed to co-inherit the bla gene (15 out 
of 20 and 18 out of 20 f or pSACSUl and pSAC3U2 ( 
10 respectiyal^j * These data suggest that the ef f iciahoj- of 
pi as mi d d Is i n teg rat i on , I*e* FLP mediated excision of the 
bacterial pXasmid !>N A . sequences* is greater upon 
t r ana f o rma £ & on of a c'ir* strain tfeaa a cir* * 

1,3 Mo 1 ecu I a r Anal ys i s of Trang|grEnts 

In order to determine whether the UEAt trans f ormants 
which had seireiattd the bla getim I i .e . IB -lac tamase 
negative clones * bla* ) had indeed lost the bla gene and 
adjacent bacterial pi asm id DMA sequences* Feast DK;A was 

2D analysed, Two ' IMA* blat trans f ormants of the eir + and 
cir* strains transformed srith pSACZUl and pSACSUS ware 
grown on selective minimal medium lacking; uracil and 
total DMA was extracted by the folio wing procedure. 
Ac t 1 vei y growing cells were harvested and resuspendad in 

25 SnVl 1M sorhi toi > 0 > 025H ethy ienedi amine- te trace tic aeid 
CEDTA ) pH3vG> 8mg/ml di thiothrei toi at 2B>C for IS 
Minute & > Cells were harvested and rtsuspandad In Sml I * 2M 
sorbitol, 0-t tK sodium citrate * O.OIM 1.QT A pflo > S < 
p*Q25ul/mi ^mdivase (Kir in Brewery Co. Ltd <■ at £8«C 

30 unt i l orotoolas ts were obtained < P rot o p 1 as ts were washed 

■ y ... .... * 

three times in 1 * 'Z'M sorbitol prior to reeuapending in I mi 
3% .Ba:rk.o$.rl , 0 > 5M tr i.s./HCi pff? • 5 , 0 > 2M EDTA , I SOlU /^l 
proteinase K at 55*C for 60 minutes < ZM& preparations 

•A .... ... v 

wera extraoted wi th chloroform riso-propanoi phenol ». 
3S chloroform and ether prior to dialysis a&ainat VBw^i 
tris/HCi ImM EDTA oHSt Total Feast; QHA was digested t ? \l'th 
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the rastrictisn. endoftacleasss Ss^X, Xjba.1 



and Pst X and 

W f ragiests «ter* separated by agarose electrophoresis. 
Following Southera traasfer (Maniatis* St al , r^Rrs 
total yeast BHa was hybrids sad. to «p labelled pS AC 3 DMA* 
rea^Ita are presented In Figure 10 vhi&h is an 



auto radiograph of total y**et DMA probed with M.fc 
labelled pSAC3 , DMA «as isolated from S ISO-SB eir f 

stralna transformed with pXasmids pSAC 3UI and pSAC 3U2 . 

s trai .n/piasmid 



xwo independent transforaants of each 
ooisrfei nation, designated A and 8 were ana 

ntth restriction endonuc lease as 



di 


J^^. 'V^V ^> ' 
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pSACSUl 
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PSAG3UX 

pbAt^U X 
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follows : Xbal f 
BooRX * tracks 
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Based upon the knp^n restriction sites present in 
he endogenous 2pm piasnud of yeast (Hartley " ' 



ana 



Dp nelson, 1900 5 and recombinant plasm ids pS AC 3 C I and. 
pSACmz, one can predict the hybridisation pattern to 
plasmid pSAC3, The predicted hybr idiaation pattern 
presented in Table I , 



3^ 
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Ixpeozed h^feri dilation pattern of SI SO- SB ci.r* 



ana 



cir^ d & r 1 vat. jyes , t ran 



s formed with pSACSUI and pSAC3U2 to 
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FLP mediated 



* he 



I." 



ares tj ^~ result of the h.y'br id i nation 
{figure 10} with those expected (lable T1 it can be seen 
that in each trans dorman t the recombinant plasmid has 
undergone a deletion consistent with the excision of the 
bacterial plasmid DKA sequences > contaxnad within th- 
d i rect i y or Ian ted FLP reccmb inat xon si tes » In add 1 1 1 on , 
in. t.he : case of the transformants designated pSAC3U2/B t h <r 
endogenous pi asm id c! strain SI5U-2li x : * no longer 

p r e se n:: .. n *. .»»>«* 
s t r a i n w i t h" o i a a m i a 



Th im&ligs tha r transformation ot 
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Additional evidence that pXasmids pSACS'Ul and 
pSAC3U2 undergo an excision of the bacterial plasmld DMA 
upon transformation of yeast waa' obtained by hybridising 
the aforementioned DNA preparations to 32 P labelled pUC9. 
5 DMA iViaira and Messing, 1982) « UEA* bXa" tranaforwants 
did not hybridise to this DMA probe * 

* 

Plasmids pSACSOO . ? y&AC 3 1 0 and pS AC 3 C I Disintegrate upon 
Yeas t T ran§ formation 

IO The UBA* plasmids nSACSQQ and pSACSiO were used to 

transform the cir* and eir* derivatives of S1S0-2B and 
"fch.© UBA and bla pheno types of the resultant trans formants 
were determined* In ail cases the disintegrated pheno type 
was observed; thus pSACSOO and pSAC3'10 are capable of 

15 excising the bacterial vector BNA apoa yeast trans- 
formation ♦ In this respect it was observed that plasmid 
pSACSOO gave rise to a significantly higher proportion of 
hla~ trans formants of the oir* derivative of S1S0-2B* The 

; explanation for this is unknown* However it is possible 

20 that the disruption of the BagT site by the insertion of 
the URA3 gene in pSACSOO may have interfered with the 
expression of the adjacent FLP gene ? resulting in over 
expression of the FLP recomhinase « 

Plasm-id pSA€3CI was designed to be used in the 

25 transformation of copper sensitive industrial yeast and 
in particular brewing yeast- Thus pSACSCl was transformed 
into a proprietary strain of Bass lager Feast designated 
BBXIoQj was described, by Hinohliffe and Daubney (1986). 
Copper resistant trans formants were then cheeked for the. 

3D presence of the h 1 a pheno type by the fi» lactamase plate 
assay, Approximately 18% of the trans forss&nts tested were 
bla~ copper resistant ? indicative of the in vivo 
disintegration of pi asm id pSACSCi in the brewing yeast 
host > 
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ill v i vo disintegration of planmids pSAC300 ? 
pSACBlO and pSACSCI was subsequently confirmed following 
a full molecular characterisation of the appropriate host 
strains possessing the disintegrated phenotype* Thus when 
total yeast DMA was hybridised to 3 2 P~pUC9 DMA as 
described px^eviously no homology could be detected in the 
bla~ derivatives* 



in 



P I as m id S tabi li _fcy_ o f the ? D i s in te 



The inheritable stability of the URA* phenotype in 
e air* and o i r * strains of S150-2B harbouring the 
disintegrated derivatives of pSACSUl and nSAC3U2 * pSACSOO 
and pSACJSlQ was determined by growing the yeast non* 
selectively in YPD containing 2% w/v glucose, plating on 
the same medium and replica plating to minimal medium 
lacking uracil* The percent pi asm id loss per generation 
was calculated and is presented in Table 2, 



TABLE 2 

Percent PI asm id Loss per Generation 



""5 



Plasm x d Der i vat i ve 
( 0 i s 1 n t egrate & 
Vector } 



Percent PI asm id Loss ner Generation 



S150-2B 



cir 



S150-2B 



cir 0 



pSAcaui 



0 9 9 



0, 19 



30 



PSAC300 



0.31 



9 £ 



0 > 1 4 



p SACS 10 



0 



0,89 



WO 88/08027 



PCT/GB88/00276 



30 



It can be seen from the result presented in Tab! 

that all the * disintegrated* derivati ves are unstable in 

both the cir* and cir^ derivatives of SiSQ~2B* However, 

the level of instability observed for pSAC301, pSA.G3U2 f 

5 pSACSlQ in particular is at least one order of 

magnitude io^er than that observed for other USA* 2pm 

based recombinant vectors in SXS0-2B (Cashiore, at al « > 
1988). 

It is interested to note that the insertion of the 
HBA3 gene into the unique Bag! site of the 2pm portion of 
pSACS results in a disintegrated derivative which is 
considerably less stable than those dis integrants derived 
from pSACSUl, pSAC3U2 and pSACSiO, It is apparent 
therefore that the site of insertion of the selectable 
IS marker can have a profound effect upon, the stability of 
the resultant disintegrated derivative, In this respect 
i* dear that the unique SnaBa and PstI sites of Zpm 
form suitable loci for the introduction of r sco mb inasxt 
genes since pi asm id stability is not adversely affected 
20 by such insertions. 

V 

1?_X as & i d S t ah i 1 1 1 v of * D isi n i* >* « i y * Tv** w ^ & « , N 

Bi s integrated der ivati ves of pSAC3Cl trans formants 
o £ BB 1.1.0 were also anal ys ed for the s tab! 1 1 1 y of the 
copper resistant phenotype * Plasm id stability, experiments 
ware performed as described previously and resulted in an 
estimate of .0*0:14% piasmid loss per generation .* under 
non-selective growth conditions* It is apparent from this 
result that the disintegrated derivatives of pSAC3C'X are 
extremely stable in the brewing yeast strain SB! .1,0, 
possessing a degree of stability hitherto unobserved for 
a recombinant 2pm based yeast vector 
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D 1 s i n t a g r a t x on Vec tors can be used to $ tab** v Mairr^in 
IlOjm^L^>f .. I n t e r a s t " in Yeast 

Plasmid pBACZ carries a unique PstI site and 
unique SnaBI site into either of which DMA sequences can 
be inserted as described above, without adversely 
affecting the phenotype stability of the resultant 
disintegrated derivative of the piasmid in yeast. These 
sites can be used as loci for the introduction of '** genes 
of interest" for example the DKX-I gene of S , di as tat ieu s 
ana tne numan serum albumin gene expressed from a yeast 
promoter. Using known methods it is possible to insert 
such genes into these unique loci together with an 
appropriate selectable marker for yeast transformation. 
Alternatively, plasmids pSACSOI , pSAC3U2 , pSAC310 and 



pS AC3C1 can be used as recipients for insertion of an 
appropriate ? iene of interest ? . In this respect pSACSUX , 
PSAC3U2 and pSAC3 1 0 harbour a unique Smal site located in 
the 3' non-translated region of the U.RA3 gene (Rose *t 
aii 1384 }> This Smal site can be used as a locus for the 
insertion of an appropriate tgene of interest 1 , 

The desirability of using the SnaBI site to insert a 
&ene of interest, either directly or indirectly (for 
example when the UHA3 gene is inserted and then a gene of 
interest is inserted into the 5 ma I site thereof) is 
independent of the disintegration of the vector, I.e. the 
loss of the bacterial DMA sequences , and forms another 
aspect of the Invention > Generally speaking, one would 
wish to prevent transcription continuing from the 
inserted genets > into the endogenous 2pm regions, 
particularly into the so-called STB region which is on 
the side of the SnaBI site remote from the yeast origin 
of replication { orjj . Thus, preferably, the 
sequence comprises (a) a gene of interest * i b) a 



x n « f* t & cl 



promoter 



an^ * ^ ' 



therefor on the side thereof adjacent ori aau e , 
transcription terminator downstream of the gene 
interest and between that gene and the STB region. 



a , 
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It is to be no ted that plasm ids may also be cr eated 
which * bef ore recombination ? have; only two FLP 
recombination sites, in direct orientation and with the 
unwanted, for example bacterial* DMA" between them £i*e* 
as the shorter of the two parts of the pi as mid separated 
by the pair of recombination sites I, After recombination t 
the plasm id will have only one recombination site and 
stfiil therefore not undergo the usual 2pm recombination, to 
give a mixed population of A and B forms* Such plasmids 
are likely to be less stable than those described above, 
but nevertheless form an aspect of the invent ion and may 
be claimed as such * 
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CLAIMS 

1* A 2pm piasmid vector comprising a DNA sequence which 
is intended to be lost by recombination, three 2pm FL? 
recombination sites, of which one pair of sites is in 
direct orientation and the other two pairs are in 
S indirect orientation > and a DMA sequence coding for a 
protein or peptide of interest, the said sequence to be 
lost being located between the said sites which are in 
direct orientation * 

A 2jam piasmid vector according to Claim i which also 
10 comprises a selec table marker DMA sequence * 

3* A 2pm piasmid vector according to Claim 2 comprising 
a complete 2pm piasmid additionally carrying fx) a 
bacterial piasmid DMA sequence necessary for propagation 
of the vector in a bacterial host; (it) an extra Zpm FLP 
IS recombination site; (iii) a DMA sequence coding for a 
protein or peptide of interest; and (iv> a selectable 
marker DNA sequence for yeast transformation; the said 
bacterial piasmid DMA sequence being present and the 
extra FLP recombination site being created at a 
20 restriction site in one of the two inverted reseat 

A 

sequences of the 2pm piasmid, the said extra FLP 
recombination site being in direct orientation in 
relation to the endogenous FLP recombination site of the 
said one repeat sequence, and the bacterial piasmid DNA 
25 sequence being: sandwiched between the e?ctra FLP 
recombination site and the endogenous FLP recombination 
site of the said one repeat sequence* 

4« A 2pm piasmid vector according to Claim 3 wherein 
the restriction site is the unique X ba X site, 
O d, A 2pm piasmid vector according to Claim 3 or 4 
wherein all bacterial piasmid DMA sequences are 
sandwiched as said* 

6* A 2pm piasmid vector according to any of Claims I to 
5 in which the DMA sequence coding for a protein or 
peptide of interest is heterologous to yeast. 



-<. ^ 



f y A 2 jtim plasmld vector according to Claim - 6. ia Khioh: 
the DMA sapenca ending for a protein or peptide of 
interest Is a DMA sequence coding for HSA fused at Its §* 
termixius to a gtee promoter which functions in f^ast via 
a seeration leader sequence Khloh functions In yeast and 
at Its 3 * terminus to a transcript ion termination signal 
which functions in yeast... 

8 « A 2fim piasmid vector according to Claim 0 in which 
the DMA sequence coding: for a protein or peptide of 
interest is the MET^HSA fe^e fused at its 3* terminus to 
%h® GAL/CYC 1 or SAL/PQK hybrid promoter* and at its 3 ? 
terminus to a transcription terminatloB signal w&Ich 
functions in yeast > 

9 * A Zp$& plasmld vector adcording to any of Claims 1 to 
B in which the DMA sequence coding for a protein or 
peptide of interest is the BE3f~i gene or a DMA sequence 
coding for the B-glucknase of B^illua st^^lils fns^d at 
Its 5 * terminus to a gene promoter which f unc tions In 
yeast via a secretion leader sequence which functions in 
rsast and at Its 3* terminus to a transcription 
termination signal which functions i^ ^ast, 
1,Q > A Zptn pi as mid vector according to Claim I Smvting: 
substantially the configuration of pSAOS as shown in 
Figure 3 of the accompanying drawings * .. 

XX* A process for preparing a gjUm piasmld vector 
according- to any one. of the preceding claims comprising 
inserting into a complete £pm plasm id ii) a DMA sequence 
for selecting yeast trans format ts ? 111} a DMA sequence 
encoding a protein or peptide- of interest and (111) an 
Insert comprising { a 5 bacterial plasmld DMA to allow 
propagation: of the vector in bacteria and (hi the 
elements of a FLP recombination site such that an e^tra 
FLP recombination site Is created in the vector and the 
said bacterial PKA is sandwiched between two FLP 
racomfoinatloa sites in mutually direct orientation. 
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12* A process according to Claim II wherein the insert 
is inserted at the unique Xfaal site of an endogenous FLP 
.recombinat ion si te * one end of the insert carries one 
portion of a 2}xm repeat sequence and the other and of the 
5 Insert carries the remainder of the 2j*m repeat sequence. 
13, A 2pm piasmid vector comprising a DMA sequence 
encoding a protein or peptide, of interest which is 
heterologous to yeast, the vector comprising no bacterial 
DMA * 

lO 14* Brewing yeast or laboratory yeast transformed with a 
2jum plasm id vector as claimed in any of Claims 2 to 10 
and 13* 

IS* A protein or peptide of interest prepared by 
fermenting a yeast according to Claim 14* 
15 16* A 2)u& plasmid vector carrying a gene of interest 
inserted directly or indirectly at the SnaBX site. 
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